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Introduction. Our group has recently demonstrated the viability of using hydrogenated microcrys-
talline silicon (mc-Si :H) as an active photovoltaic material by fabricating a 7.7% efficient single-junc-
tion thin-film silicon solar cell [1]. Within the micromorphic concept, where a stacked a-Si :H/mc-Si :H
tandem structure allows a better use of the solar spectrum, stable cell efficiency of 12% has been
reported [2]. However, one major problem persists: the deposition rates of c-Si :H (1 to 2 A/s) were up
to now too low [1]. This fact renders R & D cell fabrication cumbersome and time consuming; above
all it renders a possible future industrial fabrication process unreasonably slow and costly. The pur-
pose of this paper is to demonstrate that an enhanced deposition rate in exss of 10 A/s with reason-
able cell performances is however, indeed possible while remaining within the Ver High Frequency-
Glow Discharge (VHF-GD) deposition technique (at plasma excitation frequencies of 70 to 130 MHz).
Results. One possible explanation for low deposition rate of mc-Si :H as usually observed can be seen
in the reduced concentration of radicals in the plasma phase because of the hydrogen dilution that is
applied. The best illustration of this argument is given by the Hot-Wire CVD, where the pyrolitic
decomposition of the source gas results in a very high radical creation and thus indeed gives rise to
very high deposition rates [3]. Within PECVD, a way to obtain higher radical concentration would
be to restrict the dilution. However, as is well known, a further restriction of hydrogen dilution
beyond a specific level (given e.g. by substrate temperature, applied rf-frequency, etc.), leads to an
undesired phase transition to the a-Si:H morphology [4]. In a recent publication [5], another way
was shown by using a dilution of a mixture of Ar and H2: Owing to Ar metastable quenching, an
additional dissociation channel allows to cope with higher silane concentrations in the source gas.
Unfortunately, higher deposition rates were accompanied here by a strong powder formation.
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Fig. 1. Deposition rate and morphological phase transition in function of the applied HF-power for three
different values of the dilution ratio SiH4/(SiH4 +H2)
Fig. 2. Solar cell parameters (at AM 1.5) resulting from a direct implementation of the power series at a
fixed dilution of 7.5%
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As illustrated in Fig. 1, a successful phase transition from a-Si :H towards mc-Si :H can indeed be
induced by significantly enhanced HF-power levels under restricted dilutions (this phase transition
was monitored by X-Ray, Raman-spectroscopy, IR absorption, PDS, Spectral Response). It is ob-
served that at a constant HF-power the deposition rate increases by restricting the dilution and
that for a given dilution the deposition rate scales with the applied HF-power level. Note, that for a
dilution of 5% SiH4/(SiH4 + H2) the morphology remains mc-Si :H for the whole investigated HF-
power range [6], but that at 7.5% dilution we observe a phase transition controlled only by the
applied HF-power. This power-controlled phase transition is confirmed in a further (albeit non-sys-
tematical) experiment at an even more restricted dilution of 10%; one reaches here a deposition
rate of 16 A/s for mc-Si :H without any observable powder formation.
Direct implementation of these results (without further optimisation) in n± i±p solar cells shows
that there is an optimum for the applied HF-power at 40 W (Fig. 2) for this specific case of 7.5%
dilution. In Table 1 we give results on solar cells as obtained so far at different deposition rates.
However, one should note that at the present state of our research it is yet not clear if higher
deposition rates do correlate with lower efficiencies as one may be led to conclude from Fig. 2: The
somewhat lower efficiencies obtained may be due to other factors (e.g. interface problems). On the
other hand, it was indeed already known that high HF-power levels are beneficial for mc-Si :H
growth at the standard PECVD excitation frequency of 13.56 MHz [7]; however what is new here,
is that deposition rates of mc-Si :H can exceed 10 A/s (at a substrate temperature as low as 220 C),
and this with reasonable device performances, as illustrated in Tab. 1. We speculate that such high
power levels have no detrimental effects on the ongrowing film because of the low impact energy of
ions coming from the plasma phase: this fact is known for VHF-conditions as used in this work.
Conclusions. It is shown that it is possible to control the morphological transition from a-Si :H to
mc-Si :H for a certain dilution by the applied HF-power only. By doing this, powder-free deposition of
mc-Si :H at rates up to 16 A/s has been achieved. A mc-Si :H solar cell grown at a deposition rate of
10.9 A/s with an energy conversion efficiency of 5.2% illustrates that the VHF-GD deposition techni-
que allows one indeed to obtain device-quality mc-Si :H material at reasonably fast deposition rates.
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T a b l e 1
Microcrystalline n± i±p silicon solar cells obtained so far at high deposition rates
R (A/s) h (%) Jsc (mA/cm
2 FF (%) Voc (mV)
5.7 6.5 22.3 66 440
9.7 4.3 18 49 481
10.9 5.2 21.8 56 424
13.9 3.9 17.9 52 413
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